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Mechanical cleaning of bituminous coal in the United States was begun 
about 1875, with plants in western Pennsylvania and Illinois. The United 
States Geological Survey began to record the quantity of washed bituminous 
coal in 1906; and the series was carried forward to 1923, except that no data 
were collected for 1922. This statistical work was transferred to the Bureau 
of Mines in 1925, and the collection of data on mechanical cleaning was 
resumed in 1927. Data collected before 1927 include only the coal that was 
washed at the mines and do not include that cleaned by pneumatic methods at 
the mines and that cleaned at central washeries operated by consumers ,2/ 

The total bituminous coal washed in 1906 was less than 10 million net tons. 
In 1927, the first year for which complete figures are available for all 
types of mechanical cleaning, 28 million net tons of bituminous coal were 
cleaned in the United States. 


Acknowledgments 


These statistics were compiled from detailed annual reports of production 
and mine operation furnished by bituminous coal producers. Assistance was 
also given by the manufacturers of coal-cleaning equipment, who reported data 
on annual sales of new equipment. 


Definitions 


This review covers the progress of mechanical cleaning of bituminous coal 
only and does not include the anthracites of eastern Pennsylvania. When the 
term bituminous coal is used, it means all coals in the United States and 
Alaska except Pennsylvania anthracite. There are no mechanical cleaning plants 
at lignite mines. The broad term "preparation" may mean any one or any com- 
bination of the following methods: (1) screening into sizes, (2) cleaning by 
hand picking or mechanical cleaning, (3) mixing or blending, and (4) dustless 
treatment. Since mechanical preparation includes screening as well as clean- 
ing, the term mechanical cleaning refers only to cleaning with mechanical 
devices that effect separation of impurities from the raw coal by reason of 
differences in specific gravity. These mechanical devices are separated into 
the following classes; (1) jigs, (2) wet-process concentrating tables, (3) 
classifiers, (4) launders, (5) dense-medium, and (6) pneumatic methods. Where 
the words "clean," "cleaned," or "cleaning" are used without qualification, 


1/ Engineer-economist, Bureau of Mines, United States Department of the 


Interior, Washington, D. C. 
2/ Plein, L. N., Statistical Analysis of the Progress in Mechanical Cleaning of 
Bituminous Coal from 1927 to 1934, Bureau of Mines, 1936, p. 3. 
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the implied meaning refers to results obtained by mechanical cleaning devices. 
Unless otherwise specified, tonnages given represent merchantable or usable 
coal after removal of impurities rather than the raw coal before treatment. 
All tonnage figures are net tons of 2,000 pounds. | 


Growth of Mechanical Cleaning 1927-49 


The quantity of bituminous coal mechanically cleaned in the United States 
increased from 28 million tons, or 5 percent of the total production, in 1927 
to 154 million tons, or 35 percent of the total production in 1949, (See 
table 1) 


Refuse handled at cleaning plants increased from 3 million tons in 1929 
to 31 million in 1949. The ratio of refuse to raw coal increased from 9 
percent in 1929 to 17 percent in 1949. Increased mechanical loading during 
this period was the major reason for additional refuse. Mechanical loading 
plus mechanical cleaning often will give a lower over-all production cost. 
Other important factors that tended to increase the percentage of refuse it was 
necessary to remove from the raw coal were (1) Decreased demand for large 
lumps, (2) increased demand for stoker sizes, (3) increased practice of "full- 
seam mining,"3/ (4) depletion of some of the better coals, and (5) general 
demand for cleaner coal. 


The number of mechanical cleaning plants increased from 236 in 1928 to 
571 in 1949, and the average output per plant increased from 122,000 to 269 ,000 
tons of cleaned coal per year during the same period. 


Bituminous coal produced at mines with cleaning plants increased from 66 
million tons (12 percent of the total production) in 1929 to 206 million tons 
(47 percent of the total production) in 1949. 


Consumer-operated plants include plants owned by steel companies that 
receive coal from various mines (but usually from affiliated companies), clean 
it, and then consume it directly at the plant. The tonnage of bituminous coal 
cleaned by consumer-operated plants increased from 3 million tons in 1927 to 
8 million tons in 1949, but the ratio of coal cleaned at consumer-operated 
plants to the total cleaned decreased from 11 percent to 5 percent during the 
same interval. 


The ratio of tons cleaned at mines to total production at mines with 
cleaning plants increased from 49 percent in 1929 to 71 percent in 1949. 


Figure 1 shows the relation of the output of bituminous coal mechanically 
cleaned to total production by methods of mining and loading. The three lines 
"mechanically cleaned," "mechanically loaded," and "strip mined" follow 
approximately the same pattern, The gap between "mechanically loaded" and 
"mechanically cleaned" increased during the war years 1940-45, owing to limited 
construction of new cleaning plants. 


3/ Anderson, R. L., Mining Congress Journal, May 1947, pp. Li-hk . 
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Figure |. - Bituminous coal production by methods of mining and loading 
and total output mechanically cleaned in the United States, 
1927-49. 
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Figure 2 shows the percentage of bituminous coal produced by surface 
stripping, mechanical loading, and hand loading, 1927-49. The percentage of 
the total production that was loaded by hand decreased from 93 in 1927 to 25 
in 1949, mechanical loading increased from 3 to 51 and strip mining increased 
from 4 to 24 percent during the same period. The percentage of the total 
bituminous coal that was mechanically cleaned, 1927-49, is shown on figure 3. 
Thus, mechanical cleaning increased simultaneously with mechanical mining. 


Mechanical Cleaning by Types of Equipment 


Table 2 shows the quantity of bituminous coal cleaned, by types of 
equipment, and percentage cleaned by each type, 1927-49. Many cleaning 
plants use more than one type of equipment. In 1949, 67 plants were using 
both wet and pneumatic methods, but separate data were reported for each. 
Separate tonnage figures by type of cleaning were not reported for the 
following cleaning plants in 1949: 15 using jigs and tables, 11 using jigs and 
launders, 8 using jigs and classifiers, and 17 using other combinations of wet 
methods, 


Jigs. - The oldest and most common type of coal-cleaning equipment is the 
jig. The first bituminous-coal washery in the United States was a piston jig 
built in 1869 near Pittsburgh, Pa., to clean slack.4/ There are three general 
types of jigs - basket, piston, and Baum, The basket jig was the first to be 
developed, it consists of a sieve that moves upward and downward in a tank of 
water. The piston jig was the next stage in the development of coal cleaning. 
It consists of a fixed sieve, the water being forced through the coal by use 
of a piston. The Baum-type jig is the most recent development and the most 
popular jig in use today. It is a fixed-screen jig with a sealed chamber in 
which the pulsations are given to the water by compressed air. The first 
Baum-type jigs installed in the United States were Link-Belt Simon-Carves 
washeries built in 1928 in Indiana and Pennsylvania. Other Baum jigs now 
commonly used in the United States are the McNally-Norton washer introduced 
in 1931 and the Jeffrey Baum jig introduced in 1934. During 1949 more than 
half of the total bituminous coal mechanically eleaned in the United States 
was cleaned by jigs, and about three-fourths of the tonnage cleaned by jigs 
was cleaned by Baum jigs. 


Concentrating tables. - Wet process coal-washing tables as we know them 
today have been in use in the United States approximately 40 years. A Wilfley 
concentrating table was installed in New Mexico for coal washing in 1911, and 
Deister-Overstrom and Plat-O tables were first installed in the same State in 
1916-17 .4/ A few table installations worthy of note before adoption of our 
present-day differential-motion table are as follows: Six Campbell bumping 
tables were operated in western Kentucky in 1893; as late as 1923, 72 such 
tables were in operation in Pennsylvania.5/ Bumping tables were the forerunners 
of our present-day concentrating tables. Coal-washing tables are mainly ad- 
vantageous in treating sizes from 1/4-inch down to 48 or 65 mesh; however, 
several recent installations include sizes up to 1-1/4-inch. During 1949 
about 6 million tons or 4 percent of the total bituminous coal cleaned in the 
United States was cleaned by coal-washing tables. 


L/ Coal Age, February 19ho0, Dp. 7h. 


5/ Ganrud, B. W., Coal Preparation, A.I.M.E. 1943, p. 425. 
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Figure 2. - Percentage of total bituminous coal produced by 
methods of mining and loading in the United States, 
19 27-49. 
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Figure 3. = Percentage of total bituminous coal production 
mech ani cal ly cl eaned in the United States, 1927-49. 
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TABLE 2.--Bituminous coal mechmically cleaned in the United States, by types of equirment, 1927-49 
(Includes coal clemed at plante operated by consuzers at central washeries in Colorafo end Pennsylvenia) 
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Leunders include classifiers and dense medium for 1927-36, inclusive. 
Deta not availadile. 
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Classifiers. - The general theory of coal-cleaning with the classifiers 
or upward-current washer (also jigs) is that a particle sinks in an upward 
current of water if the speed of the current is less than the terminal 
velocity of fall of the particle in still water, and rises if the speed of 
the current exceeds the terminal velocity of fall.6/ In commercial practice 
particles to be separated are a mass of particles in a relatively small 
volume of water, therefore hindered settling conditions prevail. A Robinson 
washer installed in Alabama in 1892 was the first classifier used in the 
United States, and the Menzies hydroseparator was first used in the bituminous 
coal fields in 1926.7/ The first Hydrotator used to clean bituminous coal was 
installed in 1939 at a central Pennsylvania mine, and the first Menzies cone 
separator installed to clean bituminous coal went into operation in 1936 to 
clean 2-1/2- to 1/2-inch coal in West Virginia.8/ Most classifier-type 
equipment is restricted to cleaning coal from which the fine slack has been 
removed. In 1949 approximately 17 million tons or 11 percent of the total 
bituminous coal cleaned in the United States was cleaned by classifiers. 


Launders. - Although the most primitive methods used for concentrating 
ores were launders or trough washers they were little used for cleaning coal 
until the Reholaveur was developed. The first Rheolaveur used in the United 
States for cleaning bituminous coal was installed in Colorado in 1925, the 
Link-Belt trough washer was first used in conjunction with Baum jigs at mines 
in West Virginia in 1936, and the first Koppers-Battelle launder was installed 
in West Virginia in 1937 .9/ The Morrow-Prins washer is a combination launder 
or trough washer and jig. Approximately 14 million tons or 9 percent of the 
total bituminous coal cleaned in the United States in 1949 was cleaned in 
launders, 


Dense medium. - The dense-medium process of coal cleaning uses the 
familiar float-and-sink procedure on a commercial scale. Just as pieces of 
wood float on water and sand sinks, so coal floats and refuse sinks when placed 
in a medium intermediate in specific gravity between the coal and refuse. The 
Chance process, using a mixture of sand and water, was first installed for 
cleaning bituminous coal in Pennsylvania in 1925. The first Belknap-chloride 
washer was installed in West Virginia in 1935. A large plant, using magnetite 
as the medium, was installed at Gary, West Virginia in 1948. There are several 
other dense-medium processes in use in the United States, but the Belknap and 
Chance are the most widely used at present. Generally, the minus-1/8-inch 
slack is removed before the coal is cleaned by dense-medium processes, About 
2k million tons or 15 percent of the total bituminous coal cleaned in the 
United States in 1949 was cleaned by dense-medium processes. 


The Fraser air-sand process of coal cleaning was first installed in 
Pennsylvania in 1930. It employs a dense medium which is formed by bubbling 
air through a mass of dry sand. The air fluidizes the sand, the coal floats 
on the aerated sand mass, and the refuse sinks. Although the air-sand is 
generally grouped with dense-medium processes, it is included with pneumatic 
processes in this study. 


6/ Chapman, W. R. and Mott, R. A., The Cleaning of Coal, 1925, p. 181. 
Lf Coal Age, February 1940, pp. 74-75. 

8/ Griffin, John, Coal Preparation, A.I.M.E. 1943, pp. 319 and 331. 
9/ Coal Age, February 1940, p. 75. 
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Pneumatic methods. - Bituminous coal cleaning by pneumatic methods 
includes air tables, air flow or air jigs, and air sand. The first commercial 
pneumatic table used for coal cleaning was installed in New Mexico in 1919 and 
later became known as the American oscillating table. 


Four other successful pneumatic coal-cleaning machines have been 
developed and introduced to the American coal-mining industry: 


Peale Davis: "Pneumo-Gravity" machine, 1924 
Arms "Concentrator," oscillating table, 1924 
Heyl and Patterson oscillating table, 1927 

"Stump Air-Flow," pulsating air jig, 193210/ 


FW eH 


American oscillating tables and the Stump Air-Flow are the predominant 
pneumatic coal cleaners in the United States today. Pneumatic methods are 
generally used for cleaning small sizes of bituminous coal and often are used 
in conjunction with some type of wet cleaning. 


Froth flotation of coal in the United States began about 1918 with 
experiments at the Mellon Institute. Although it is applicable to the cleaning 
of fine sizes (minus 48 mesh), it may be employed on sizes as coarse as 1/8- 
inch. To date the bituminous coal cleaned by froth flotation in the United 
States has been negligible. 


There are several miscellaneous processes of cleaning coal, other than 
the methods previously described, but they are either in the experimental stage 
or not commonly used for cleaning bituminous coal. 


Methods of Mining at Mines Served by Cleaning Plants 


Rapid progress has been made in mechanical loading of bituminous coal 
since 1927. The ratio of output of bituminous coal mechanically loaded at 
both strip and underground mines to the total production increased from 7 
percent in 1927 to 75 percent in 1949. During the same period, the ratio of 
output of mechanically cleaned coal to total production increased from 5 to 35 
percent. (See figs. 2 and 3) 


Table 3 gives the record of total bituminous coal production and production 
from mines with cleaning plants, by methods of mining, from 1933 to 1949, 
inclusive. With the rapid growth of strip mining and underground mechanical 
loading, the necessity for mechanical cleaning became more urgent. Mechanical 
cleaning paced strip mining from 1933 through 1938 and underground mechanical 
loading through 1939. The rapid growth of strip mining, especially the numerous 
hillside operations, and restrictions on new cleaning plants during the World 
War II reversed the trend. The ratio of production from strip mines with 
cleaning plants to total strip production decreased from 50 percent in 1938 to 
29 percent in 1946. Cleaning at underground mines with mechanical loading 
remained fairly constant throughout the war years (1941-45); about 50 percent 
of the production mechanically loaded was produced at mines with cleaning 
plants. In 1949 the ratio of production from mines with cleaning plants to the 
total production at strip mines and underground mines with mechanical loading 


10/ Carris, R. E., Coal Preparation, A.I.M.E. 1943, p. 494. 
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was about 37 and 64 percent, respectively. There has been little change at 
"underground mines with hand loading" in the percentage of output from mines 
with cleaning plants to the total production, although the production hand 
loaded decreased from 278 million tons in 1933 to 109 million in 1949. 


Figure 4 shows the percentage of bituminous coal produced at mines with 
cleaning plants, by methods of mining and loading. Production at strip mines 
with mechanical cleaning increased from 5 percent of the total in 1933 to 19 
percent in 1949, and production at underground mines with mechanical loading 
and served by cleaning plants increased from 13 to 69 percent of the total 
during the same period. Production at underground mines with hand loading 
and served by cleaning plants decreased from 82 percent of the production at 
mines with cleaning plants in 1933 to 12 percent in 1949. 


Figure 5 shows the ratio of production from bituminous-coal mines with 
cleaning plants to total production, by methods of mining and loading for 
1933-49, inclusive. 


Bituminous Coal Cleaning by States 


Table 4 gives the production mechanically cleared, by States, and table 
5 gives the percentage of State output that was cleaned mechanically by years, 
1927-49, inclusive. Certain States are grouped to conceal confidential 
reports on individual operations. Alabama was the only State that cleaned 
more than half the total production in the State in 1927, while in 1949, six 
States, Alabama, Illinois, Indiana, Kansas, Missouri, and Washington, 
mechanically cleaned more than half of their total output. Although there was 
a large increase in mechanical cleaning from 1927 to 1949, Pive States 
(Alabama, Colorado, Michigan, Tennessee, and Washington) cleaned less coal in 
1949 than in 1927. 


Table 6 gives 1949 data on bituminous coal cleaning by States. The State 
of Washington had the highest ratio of coal cleaned to total production (89 
percent), Missouri was second, and Alabama, Indiana, and Illinois followed in 
order named, (See column 3 in table 6.) In terms of total tonnage mechanically 
cleaned, including central washeries operated by consumer-steel companies, West 
Virginia led with 37 million tons, followed by Pennsylvania with 32 million 
tons, Illinois, Kentucky, and Indiana followed in order named. The ratio of 
refuse to raw coal ranged from an average of 5 percent in Utah to 27 percent in 
oe A few individual plants handled a ratio of almost 50 percent in 
1949. 


Sales of New Equipment 


Reports from 18 manufacturers of bituminous-coal cleaning equipment show 
that the 1949 sales in the United States, in terms of capacity, were 13,300 net 
tons of clean coal per hour compared with 17,700 tons sold in 1948, The ratio 
of 1949 sales of new bituminous coal cleaning plants to additions or replace- 
ments of present plants, in terms of capacity, was 35 percent new plants and 65 
percent additions or replacements. The annual capacity of bituminous-coal 
cleaning equipment sold in 1949, based on the average number of days the mines 
were active in 1949 (157) and 7 hours per day, was 14,600,000 net tons of 
cleaned coal. 
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Figure 5. - Percentage of bituminous coal output produced at mine served 
by cleming plants by methods of mining and loading, in the 
United States, 1933-49. 
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